• There is a need for better training of graduate students in nematology • Advisers tend to give more emphasis to scientific output of students • Advisers generally give less emphasis to personal and professional preparation of students • The absorption rate of young nematologists in the nematology job market is low • Diversification in the training of graduate students is necessary ABSTRACT: Since the 1990s, Brazil has experienced tremendous expansion of graduate education (GE), including in agricultural sciences (AS). In AS, analyses of GE in the fields of plant protection, such as nematology, are scarce. To shed light on this matter, questionnaires were sent to faculty advisers/co-advisers and professors, graduate students and young nematologists starting their careers (alumni). The responses revealed various aspects of GE in nematology, in particular: i) the need for better training of graduate students; ii) the greater emphasis of faculty advisers on the scientific output of students, in comparison with other aspects of the guidance activity; and iii) the low absorption of alumni in the nematology job market, indicating that GE, traditionally focused on training scientists for the public sector, should be complemented by other elements to stimulate and enable young nematologists to work in other areas in the private and public sectors.
INTRODUCTION
For various historical reasons, Brazil was a latecomer in creating or modernizing legislation, infrastructure and systems for its development, particularly in the field of education. Only in 1931 was a university system established [1] . After that, for more than three decades few institutions invested in the training of university professors and scientists, and those that did decided independently on whether to copy the American or European academic model [2] . Only in 1965 was graduate education (GE) formally established at the national level in Brazil, based on Finding 977/65 issued by the Ministry of Education and Culture (also known as the Sucupira Finding) [3] . In the ensuing years, GE started to be considered an element for national development, and as such in need of planning. In 1975, the 1 st National Graduate Education Plan (PNPG) was released, followed by later versions, culminating in the current one, covering the period from 2011 to 2020 [4] . The strong expansion of GE in Brazil since the 1990s has happened largely through trial and error, and has been a fertile field for research: according to Silva & Bardagi [5] , 666 studies had been conducted as of that writing in the previous 20 years covering a wide range of aspects, such as the profile of advisers and students; criteria for assessment of programs, periodicals and books; volume and quality of scientific publications; financing, etc. These studies are important, by revealing data and reflections on correcting distortions in Brazilian GE. , few studies have been published characterizing and discussing aspects of this area. My literature review revealed four tabulations of data, with minimal critical discussion [6] [7] [8] [9] ; analysis of: i) GE in rural extension and soil sciences [10, 11] ; ii) the scientific output of soil and agricultural sciences [12] [13] [14] ; iii) the evolution of GE in AS in line with the evolution of Brazilian agriculture [15] ; and guidelines proposed for the period 2011-2020 [16] . I did not find any study about GE in the fields of plant protection, such as phytopathology or nematology.
Despite this apparent lack of academic interest, the number of professional and students in the field of nematology in Brazil is healthy, judging from the number of participants at nematology annual events. The field also is supported by the Brazilian Nematological Society (SBN), which was founded in 1974. Those findings, noteworthy in a country with scant scientific tradition, appears to contrast with the absence of data tabulations, analyses and discussions on GE in nematology: no systematic records exist of where graduate students develop dissertations and theses, and how their nematology training occurs; or the research fields and personal impressions of, and difficulties faced by advisers. The motivations and impressions of students and young nematologists starting their careers are largely unknown.
This study brings the results of an effort to fill these knowledge gaps, to enable the Brazilian "nematology community" to reflect on GE and improve it. The first results of this initiative -the compilation of Brazilian nematologists and their research fields and areas of interest -have already been made available to the international community through the List of Nematology Research Group Leaders in Brazil -2017, in Portuguese and English versions [17] .
MATERIAL AND METHODS

Identification of the target public, sending and receiving of questionnaires
After consulting the membership list of the SBN and the databases of dissertations/theses, I prepared a list in three categories: i) faculty advisers/co-advisers and professors (FAPs) in nematology at the GE level; ii) master's and doctoral students who are preparing dissertations or theses in nematology; and iii) alumni who defended master's dissertations and doctoral theses in the period from 2013 to 2016 who are in the job market.
The status of each FAP, student or alum was confirmed by telephone and e-mail contact. To expand the universe of potential respondents, I publicized the importance of the study by e-mail, posts at the site of the SBN, in the editions of SBN News and during the Brazilian Congress of Nematology, enabling identification of more individuals.
Due to the logistical difficulties and high cost of collecting data by personal interviews in many cities of the five regions of the country -South (S), Southeast (SE), Northeast (NE), North (N) and Midwest (MW), I opted to send questionnaires to the 44 FAPs, 21 alumni and 50 master's or doctoral students identified. The period for receiving responses lasted from May to November 2016, and responses were received from 41 FAPs (93% of the total), 19 alumni (90%) and 38 students (76%).
Structure of the questionnaires
The questionnaires sent to the FAPs, students and alumni (see Appendix A) contained the same preamble, followed by specific questions for each category. Some themes were addressed in the questionnaires in all three categories, to obtain different viewpoints on the same theme. Some items required specific responses (yes/no; mark with an "x", etc.), some were discursive (mention problems, justify, etc.), others were excluding (only one response possible) and some allowed multiple choices (more than one response possible).
Data analysis
Quantitative data were submitted to descriptive statistical analysis, while qualitative data (such as discursive responses) were interpreted and/or categorized and then quantified. When a single theme was covered twice -by the same FAP or by FAP + students or alumni -the responses were categorized and submitted to Spearman bivariate correlation analysis, using the IBM SPSS  version 20 statistical program. Graphs were generated with Microsoft Excel  .
RESULTS AND DISCUSSION
Questionnaire sent to faculty advisers/co-advisers and professors Teaching of nematology
Twenty-eight professors teach nematology in 25 graduate programs in Brazil. The SE region leads the country with nine professors, followed by the S (eight), MW (seven) and NE (four), with none in the N region. This distribution is in line with the regional inequalities identified in Brazilian GE by the successive PNPGs [4] and confirms the virtual absence of nematology in the N region, as indicated by Ferraz & Souza [18] based on other parameters. Federal and state universities concentrate the majority of the professors (14 and nine, respectively), with two more working for federal institutes, two in private institutions, one teaching at a municipal institution and one at a state research center that offers GE (one respondent teaches at two types of institutions, explaining the total of 29).
The results of this survey reveal that nematology is taught both as an exclusive discipline and included as a topic in more general ones. In 11 programs (44% of the total), nematology is taught only as an exclusive discipline, while in five programs (20%), it is taught as an exclusive introductory discipline and in one or more other general disciplines that address different aspects of nematology. In nine programs (36%), students who are developing dissertations/theses in nematology -future nematologists -study the subject only as part of a more general discipline.
In the 20 exclusive nematology disciplines listed by the professors, the data on hours devoted to the subject are: mean = 67 class hours (c.h.); range = 30-136 c.h.; mode = 60 c.h.; standard deviation (SD) = 28.4. In the nine programs that teach nematology only as part of a more general discipline, 13 of these disciplines were listed, with the following class hour statistics: mean = 14 c.h.; range = 4-30 c.h.; mode= 15 c.h.; SD = 8.6.
It is not possible to precisely assess the training in nematology of a person holding a master's degree or doctorate based only on the type of discipline(s) studied -exclusive or general-and the number of class hours. However, based on my educational background and experience as a graduate teacher of nematology, the scenario revealed by this survey is reason for concern. It can be argued that the number of hours in the exclusive disciplines -mean = 67 c.h.; mode = 60 c.h. -is insufficient to provide a suitable theoretical foundation in the various aspects of nematology, not to mention the practical laboratory and field classes. In only five programs is the introductory training of the exclusive discipline complemented by further training in other general discipline(s). Even more worrying is the training of nematologists with superficial knowledge of nematology, which appears to be the case of nine programs. With that training, young nematologists have a small chance of mastering the arts of critical reading, formulation of original and innovative research programs, gaining approval of public funding for research projects, etc.
In this survey, the professors were not asked to explain the low number of class hours of the disciplines, but some factors might be contributing to this phenomenon. Because of inducement by research funding agencies, multidisciplinarity and multi-institutionalism have for many years been watchwords that increase the chances of projects being approved for funding. Dissertations/theses in nematology tend to agglutinate, besides the student and nematologist-adviser, other specialists and involve varied approaches and techniques. This diversity gives prestige to the student and future scientific articles. However, this "multidisciplinary fad" can bring a price: in order to carry out the experiments for their dissertations/theses, students take classes and seek training in various areas of microscopy, molecular biology, genetics, microbiology, ecology, etc., contributing to the low number of class hours and effort devoted to a solid foundation in nematology.
Besides the relative lack of prestige of nematology versus "more modern" areas, at least two other factors can contribute to the low number of hours dedicated to training in nematology: i) agronomists, plant pathologists or other specialists responsible for lecturing nematology may choose to reduce the number of hours taught by teaching nematology within general disciplines. However, consultation of the Lattes Platform (http://lattes.cnpq.br/) for this study revealed that of the ten professors who teach nematology only in general disciplines, seven pursued their doctorate/PhD in nematology, so they have appropriate background to deepen the training in nematology of their students, and ii) the GE offered at a particular institution, not being in plant protection or phytopathology -but rather broader, in agronomy, agriculture, etc. -might induce professors to cover nematology as part of general disciplines that are more attractive to the students of the program. This strategy to attract enrollments in the discipline is valid, provided the students who develop dissertations/theses in nematology -future http://dx.doi.org/10.4322/nematoda.00317
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nematologists -are assured of a solid foundation in the specialization through other in-depth disciplines, guided studies, seminar series, etc.
With respect to the 40 disciplines (exclusive and general) listed by the professors, 39 are formal (with assessments through grading/scoring) and one is not formal, being structured only for discussion of texts, without assessments. Twenty-seven disciplines are offered annually, six are offered semiannually, four are biannual and three have periodicity at the choice of the professor.
Among the professors who teach nematology, those who are coordinators of the discipline were asked to state the objectives of the discipline and justify its structure. In response, they identified the items addressed and some sent the syllabus of the discipline. Twenty-seven disciplines could be analyzed. The level of depth of these disciplines was categorized as introductory, intermediate or advanced, based also on the number of class hours, because this limits the volume of information that can be conveyed to students in the classroom (Table 1) . Twenty-four of these disciplines (89%) exclusively cover phytonematology, with only the bare minimum coverage of general characteristics, ecological and economic importance etc. of other groups of the phylum Nematoda. Furthermore, only 40% of the disciplines have intermediate or advanced depth in nematology.
When asked about the difficulties faced in the disciplines taught, four of the 28 professors stated they had no problems, while the rest listed from two to four items ( Table 2 ). The perception that graduate students have limitations because of the poor average quality of Brazilian education in general, from primary school through college, was mentioned 21 times. The second leading problem cited was the low number of class hours devoted to the discipline, or in general disciplines to the part involving nematology. This problem, mentioned regarding 14 disciplines, could be easily resolved in eight disciplines, because the professors who mentioned the problem were the coordinators of the discipline! In GE programs, the coordinator of the discipline generally has autonomy to establish the suitable number of credits/class hours. That autonomy should be exercised to assure an appropriate foundation in nematology for future nematologists! Different problems related to the institutions' infrastructure together received 16 mentions. Eleven citations involved lack of demand by students for the discipline of nematology, a typical phenomenon of "umbrella" programs -in agronomy, agriculture, etc. -in which various departments participate with their own research fields, advisers and students. The relative lack of interest of students enrolled in the discipline received eight mentions. This lack of interest, which can be interpreted as apathy, might come, at least partly, from the high physical and psychological demands placed on Brazilian graduate students. In this study, this perception was mentioned six times. Other studies have indicated the negative effects of the high expectations placed on graduate students (by themselves and their advisers). These expectations can be counterproductive to learning and the scientific quality of the dissertation/thesis [19] . When asked to comment on their expectations, many of the professors made comments outside the scope of this study. Seven professors expressed optimism that isolated problems of the discipline or the program will be resolved. In turn, five professors stated their worry over the future, without conviction that a solution can be found for the various problems that afflict Brazilian professors and GE. Table 1 . Categorization of the graduate disciplines in which nematology is taught in Brazil, based on the information provided by the coordinators: objectives of the discipline, number of class hours, structure and analytic program.
Category Quantity
Discipline with emphasis on fungi and plant-parasitic nematodes, aimed at identifying and managing diseases 1
Discipline with emphasis on nematodes that parasitize horticultural crops 1
Discipline with emphasis on soil biology, with a topic on nematodes 1
Discipline with emphasis on phytonematology, with flexible content to meet the demand of the students enrolled 1
Discipline (or part of a discipline) introductory to phytonematology 12
Discipline with emphasis on phytonematology, with intermediate depth 4
Discipline with emphasis on phytonematology, with great depth 5
Discipline with emphasis on nematology, with great depth 2 http://dx.doi.org/10.4322/nematoda.00317
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Faculty guidance in nematology
According to the responses, Brazil today has 44 faculty advisers/co-advisers (FAs) in nematology. This number is greater than that of professors (28) because some nematologists who act as FA in GE programs do not give classes. Also, some nematologists act as FA in different institutions, even in different states in some cases. By regions, the SE has 14 FAs, followed by the MW and S (11 each) and NE (8) , with none identified in the N region. According to type of institution, 25 FAs act at federal universities, 10 at state universities, four at state research centers that offer GE, two each at federal institutes, municipal universities and private institutions, and one at a private research center (the total is 46 because some FAs advise students at different types of institutions).
When asked to identify their fields of research, the FAs revealed overwhelming predominance of studies on plant-parasitic nematodes in agricultural crops [17] . Unlike observed in countries that are leaders in nematology, there are few studies investigating entomopathogenic and free-living nematodes; nematodes associated with natural ecosystems and ecology; and research in the areas of nematode genetics, physiology, behavior, diversity, phylogeny, etc. Each FA stated the reason(s) for choosing his or her research field(s), and the frequency of the motives was weighted by the number of research fields declared. The choice of research themes by personal option predominated over pragmatic decisions to join an established research group and the facility/opportunity to obtain funding ( Figure 1a) . Definition of the research theme by higher determination was rarely mentioned.
The majority of the research fields are active ( Figure 1b ). The existence of specific resources for the research fields predominates over conducting studies with funding from donations or other sources ( Figure 1c ). Among the research fields receiving specific resources, funding from the CNPq (National Council for Scientific and Technological Development) or other federal government sources predominates, followed by financing from state funding agencies, resources from the institution Table 2 . Problems mentioned by professors that negatively affect the graduate disciplines in which nematology is taught in Brazil.
Problems
Number of mentions
The general preparation of the students is relatively weak (difficulty of reading, writing, understanding, cannot read English, etc.) 21
The number of class hours (of the discipline or the nematology portion) is not enough 14
Demand by students for the discipline is low 11
Among the students that enroll in the discipline, all or most of them show a relative lack of interest 8
There is a lack of areas for experimental demonstrations, laboratories or classrooms, or deficient structures 8
The high demands of the program on the students (other disciplines, experiments etc.) make learning nematology through reading articles, book chapters and performing out-of-class work,
There is a lack of transportation (bus/van) to attend classes/field demonstrations 5
The libraries are weak or have poor internet access 3
These or other aspects could be improved, but time or energy is lacking due to high demand for research, guidance or publications 3
Certain important topics/themes for the discipline are not covered in sufficient depth/detail because I do not have enough mastery of the subject 3
The discipline is poorly structured (weak interaction between modules or professors, lack of clarity of objectives, etc.) 1
The coordinator is not accessible enough for suggestions or not willing to make improvements 1
Other problems, specify: I do not have enough time to devote to the discipline because of the high bureaucratic demands (committees, faculty meetings, etc.) [14] found that Brazilian researchers in AS have little international cooperation, rather giving preference to regional partnerships.
One of the main parameters used to measure "internationalization" is the proportion of articles published in English. In the AS, Brazilian authors have relatively low participation in articles published abroad in English. Instead, there is still a tendency to publish in Portuguese (53.5% of the articles published from 2000 to 2011) [14] . In this study, I evaluated this parameter regarding FAs in nematology by consulting the Lattes Platform (2012-2016 period). The mean number of publications in English (59%) is low, but slightly higher than the set of AS. The other statistics are n = 44; range = 0-100%; SD = 31.9.
The FAs were asked to state the emphasis (weak, medium or strong) of their activity and the performance (poor, satisfactory, good/excellent) of the students in 17 aspects related to their guidance.
Each aspect is related to a sphere in guidance activity: academic preparation (technical), scientific preparation (development of the dissertation/thesis) and general preparation (personal and professional skills). Figures 2-4 reveal strong emphasis of FAs on aspects related to scientific research and publication of the results, and relatively low emphasis on personal and professional preparation of their students.
With respect to the students' performance, a low frequency can be noted of good/excellent versus high frequency of poor assessment.
These responses regarding emphasis and performance were categorized numerically (1 to 3) and submitted to Spearman bivariate correlation analysis ( Table 3 ). The low correlations obtained indicate that in the opinion of the FAs, their guidance effort does not correspond proportionally to the students' performance. It is important to note that only rarely did a FA indicate emphasis lower than a student's performance; the rule was emphasis ranked higher than performance.
When asked to express their expectations in relation to the guidance/co-guidance, the FAs made statements that were categorized as follows: highly optimistic (two FAs), with expectation of improvements of isolated problems; optimistic (12) regarding overcoming the limitations of their activity; neutral (nine), mentioning both positive and negative issues and negative expectations (two), without outlook for improvement. Self-declared emphasis of Brazilian faculty advisers in nematology, and performance of their graduated students in aspects related to students´ academic preparation. For a full description of the aspects see Table 3 . Values are number of citations.
Questionnaire sent to students
Sixteen master's students and 22 doctoral students answered the questionnaire, with the following breakdown of institutions: federal universities (21 students), state universities (14) , federal institutes (2) and foreign university (1). They study in 11 states, regionally distributed in the NE and S (13 students each), SE (9) and MW (2), while one student studies in the United States.
The master's and doctoral students were asked to indicate the reason for studying at the graduate level: 81% of the master's students and 86% of the doctoral students stated that when finishing the previous phase (undergraduate or master's, respectively), they were already sure they wanted to work with research and/or teaching at the college level ( Table 4 ). The same response was given by 81% of the alumni with doctorates (see below). This choice, relatively early, for a scientific and/or teaching career is in harmony with the perception of the FAs that the students who participate in annual nematology events have strong appreciation and dedication for the specialization from a young age.
However, this high index of choice for a scientific/teaching career does not jibe with the perception of many FAs that a good number of students enroll in graduate school due to "bolsismo" ("paid degree chasing"). This phenomenon of prolongation of schooling and corresponding delay in entering the job market is spurred by the availability of scholarship grants to about 40% of Brazilian graduate students [20] . According to Silva & Bardagi [5] , many youths enroll in graduate school seeking a more competitive résumé and the possibility of a remuneration, or just want longer "moratorium" before facing adult responsibilities, and not necessarily out of choice of a teaching or research career. In nematology in particular, the dichotomy between low incidence of "bolsismo" and the perception of the FAs that this phenomenon is common suggests problems of differences in concepts of GE and of communication between these actors (see below).
The 17 aspects related to the guidance of the graduate students evaluated by the FAs were also assessed by the students. For each aspect, the students evaluated the emphasis of their adviser and the importance to their training and future. The uniformity of the responses of the 17 aspects and 38 students allows a simplified presentation of the data ( Figure 5 ). In the perception of the students, the adviser's emphasis was classified as high by 63.7% of the responses, while in 88.4% of the responses the students considered the aspects to be very important for their preparation and future. These data reveal that FAs and students have a clear idea of what is important in GE, but with a clear dichotomy: the FAs place stress on guidance, but view the students' performance as poor.
At least two factors can contribute to this dichotomy: i) many graduate students in nematology -as well as the other specializations -have deficiencies in their previous training, especially in mathematics and reading/interpreting technical texts. Consequently, the high performance desired by the FAs is rarely achieved, and ii) the FAs place too much emphasis on aspects related to the development of research and publication of the results (Figure 3) , as if GE only had the purpose of training scientists and generating data for publication in periodicals with high Qualis ranking. With this guidance practice, students who do not have a talent for scientific research, and those with deficiencies from basic through 8 http://dx.doi.org/10.4322/nematoda.00317
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Nematoda, 00317 Figure 3 . Self-declared emphasis of Brazilian faculty advisers in nematology, and performance of their graduated students in aspects related to development of the dissertation/thesis. For a full description of the aspects see Table 3 . Values are number of citations. http://dx.doi.org/10.4322/nematoda.00317
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This contingent can easily be considered "bolsistas" ("paid degree chasers").
It is interesting to note that this purely "scientific" vision of Brazilian GE is not supported by the documents that structured it in the 1960s and 70s or in the PNPGs. While on the one hand, the scientific emphasis of Brazilian GE has advanced with respect to the country's insertion in the international scenario [21, 22] , on the other it has created a distortion: students, professors, programs and institutions are evaluated only through the lens of productivity. The rewards, in the form of personal prestige and benefits -approval of projects, productivity grants, support to take part in events abroad, etc. -reinforce the system [21] . The assessment of programs carried out by CAPES, tied to scientific production, virtually ignores two other goals of GE: training of qualified professionals for the job market and preparation of university teachers. Therefore, the programs should also be evaluated regarding the quality of the teaching and guidance [5, 21, 23, 24] . Table 3 . Spearman bivariate correlation coefficients between the emphasis of action of the advisers/co-advisers and their evaluation of the performance of their students in 17 aspects, distributed in three different spheres of guidance of graduate students. The emphasis was categorized as weak, medium or strong and the performance of the students as poor, satisfactory, good/excellent.
Spheres/aspects
Correlation coefficient
Academic preparation
Good performance in the disciplines of the program -0.083
Participation of students in events, congresses and extra courses -0.206
Scientific preparation
Conduction by the student of good literature review +0.176
Readings and discussions by the student until he or she understands the context and importance of the research project +0.133
Mastery by the student of the techniques to be used in the dissertation/thesis +0.375* Analysis of the data of the dissertation/thesis by the student +0.456**
Interpretation and discussion of the data and their implication by the student -0.040
Writing, submission and correction of the article(s) by the student +0.081
General preparation
Mastery of English by the student (at least reading, understanding and writing) +0.081
Reading about and understanding of the scientific method by the student +0.259
Discussion with the student and practice of routine aspects of professional and scientific ethics +0.418* Improvement by the student of his/her interpersonal skills: teamwork, mutual respect, appreciation of differences, etc. +0.321
Knowledge by the student of the general structure of scientific research in Brazil (types of institutions and their structures, funding agencies, etc.) +0.361
Knowledge by the student of the routine of research activity (search for and management of financial and human resources, demand for publications, etc.) +0.230
Knowledge by the student of the routine of teaching activities (preparation for classes, teaching methods, correction of tests, etc.) +0.696** Training of the student in structuring, writing and presentation of research projects, budgets, etc. +0.324
Training of the student in public presentations (rhetoric, preparation of slides, etc.) +0.394* * Statistically significant at 0.05%; ** Statistically significant at 0.01%. http://dx.doi.org/10.4322/nematoda.00317
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With respect to teaching quality, it is important to consider that the economic crisis Brazil has been experiencing since 2014 will reduce the professional options of newly graduated master's and doctoral degree holders, mainly because of the need to control government spending at all three levels (federal, state and local). This is already happening to the alumni who received degrees since 2013 (see below). It is necessary for GE programs in AS -overly tied to the training of scientists -to adapt so as also to Figure 5 . Perception of Brazilian graduate students in nematology of their advisers` emphasis on, and importance of 17 aspects related to the students' preparation. For a full description of the aspects see Table 3 . Values are combined citations made by 16 master's students and 22 doctoral students. train professionals for other sectors. Studies have shown that in other areas, the motivation to enroll in graduate school varies between master's students and doctoral students and according to age of the student, current occupation and area of the program [5] . There are areas where the desire to pursue a teaching or research career is not preponderant, such as medicine, nursing, business administration and accounting. The same has been reported for the areas of applied sciences and technology [25] . With respect to the activity of guidance by advisers, Leite Filho & Martins (2006) (cited by [26] ) stated that in Brazil, guidance is treated by GE programs in generic and vague form, leaving it largely up to advisers' discretion to define, individually, what to do and how to develop their actions. Machado (2012) (cited by [26] ) pointed out that little research has been performed on the theme of guidance, even though it is the nodal point of the GE system. In nematology, the responses to this survey revealed that the advisers give strong emphasis to scientific production and its publication, in detriment to aspects related to personal and professional preparation of students. Interestingly, these neglected aspects are exactly those that produce high-quality professionals, according to the view expressed by 3,001 graduate students of Rio de Janeiro Federal University (UFRJ) [27] . Therefore, apparently a key element for better performance of nematology graduate students is better communication with their FA along with reassessment of the goals of GE in the field. The responsibility of FAs to work to correct the distortions in Brazilian GE was stressed by Volpato [28] :
[...] advisers are guilty because they should be on the students' side, giving references and indicating paths for them to find solutions for the problems faced. Advisers should also show the weaknesses of students, to encourage them to strive to improve. They err by not showing the fun side of doing science, instead emphasizing qualitatively mistaken competition, or even using students as labor, forgetting they are dealing with the formation of human beings. They err by maintaining a position for which they may not have competence (except publications). Guidance is much more than teaching how to do research and publish; it involves molding the brain of a thinker, a scientist, an educator, a socially engaged human being. They also err by not alerting students to search for alternatives when perceiving that a particular student does not have the necessary profile for science, showing that this does not mean being less human. They err by not exercising the real activity of an adviser, often creating chaos by their own ignorance and incompetence.
In another question, the students were asked to mention the three greatest difficulties faced during their studies, and also to indicate if the adviser is aware and if improvements have been made through his or her actions. One master's and five doctoral students did not mention difficulties. Predominant difficulties were lack of infrastructure and support staff (laboratory or field) to conduct experiments, followed by shortage of funds to develop the dissertation/thesis (Table 5 ). However, there was great diversity of the problems listed, with low frequency for each one. In the students' perception, in 19 citations the adviser acted to ameliorate or resolve the problem, while in 24 the adviser did not act effectively.
With respect for the level of satisfaction with the program, there was a distinction between the master's and doctoral students. Among the former, 69% were highly satisfied, while among the latter this proportion was only 45%. The lower satisfaction of doctoral students can possibly be explained by a more critical vision of GE, and perhaps the impact of more complex problems during the typical four-year doctoral program. On this point, it is interesting to note that the proportion of advisers that did not act to resolve problems, or that tried but did not succeed, was higher in the vision of doctoral students than of master's students: the students ratings of adviser awareness were 68% vs. 38%, respectively (Table 5) . Despite the differences in the level of satisfaction between doctoral and master's students, 97% of the graduate students in nematology were satisfied (relatively or highly). This figure is very near that found in the survey of the UFRJ student body, in which 95% of the graduate students were satisfied with their programs [27] . In this study, when the nematology students were asked to justify their level of satisfaction, many mentioned the good or excellent relationship with their adviser. The same tendency was observed at UFRJ, where 92% of the graduate students rated the relationship with their adviser as good or excellent [27] .
Questionnaire sent to alumni
Two master's degree holders and 17 doctoral graduates answered the questionnaire. They all studied at state universities (ten alumni) or federal universities (nine), located in eight Brazilian states, regionally distributed as follows: SE (seven), S (five), NE (four) and MW (three). The breakdown by year of conclusion was 2013 (five alumni), 2014 (five), 2015 (six) and 2016 (three). http://dx.doi.org/10.4322/nematoda.00317
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Even with a relatively small sample (n = 19), the responses confirm the perception that the nematology market is only absorbing part of the recent degree recipients. One in every five alumni were not working at all (Table 6 ). This proportion is probably higher, because it is common for young people in this situation not to declare it and to distance themselves from academic life. Nearly one-third of the alumni are doing post-doc research, all of them in the nematology area. This proportion will likely decline starting in 2017, because the availability of grants will shrink due to the lingering effects of Brazil's financial and political crisis. Two of the alumni work as freelancers, one exclusively in nematology and the other also in the areas of agronomy and plant protection. Only 36.8% of the alumni have jobs in the Difficulties to perform tasks related to the dissertation (literature review, statistical analysis, etc.) Acted (2) Lack of financial resources to conduct the dissertation research Acted (2) Lack of infrastructure to conduct experiments Acted (2) Poor communication between advisers and students (of the entire program) Acted (1) Excess of tasks, not enough time for readings and writing the dissertation and articles Aware (1) Lack of knowledge of professors to discuss the experiments and results Aware (1) Difficulty of conciliating employment with studies Acted (1) Lack of the nematology discipline in the program Aware (1) Lack of scholarship grant Aware (1)
Doctoral students
Lack of infrastructure to conduct experiments Aware (5) Lack of financial resources to conduct the thesis research Acted (5) Lack of perspective to participate in a sandwich doctorate program Aware (1) Lack of professionalism of the thesis co-adviser Aware (1) a Aware = the adviser was aware of the problem but did not act to resolve it; Acted = the adviser acted to ameliorate/resolve the problem. http://dx.doi.org/10.4322/nematoda.00317
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Nematoda, 00317 private or public sectors. This low proportion is not only due to the recent conclusion of their studies, because among the alumni who graduated longer ago (2013-2014), the percentage is still low (40%).
Among those employed, about half work in the private sector, in college teaching, sales, technical assistance and research, and half in the public sector, in teaching at the secondary or tertiary level, research and administration. Regarding specialization, only one alum works exclusively with nematology, one outside the field of agronomy and the others in different areas of agronomy.
Three alumni are dissatisfied with their professional situation, while nine are relatively satisfied and six fully satisfied (one alum did not respond). With respect to the reasons for these evaluations, the predominant desire of the alumni was to work with research in nematology: those engaged in projects with well-structured teams, even without a formal employment contract, stated their complete satisfaction. Those facing the impending end of the post-doc research, or working outside nematology, are dissatisfied or relatively satisfied.
The connection between professional satisfaction and working with research, which is mainly done at public institutions, is typical of alumni in other specializations. In the survey among UFRJ students, 71 to 80% of the graduate students in various fields desire to work in the public sector (the variation in percentage is among graduate students enrolled in professional master's, academic master's or doctoral programs), while from 67 to 86% want to work in the academic area. In turn, 19 to 32% want to work for large companies and 6 to 14% for small companies. Finally, 7 to 23% want to work as freelance or open their own company [27] . The effects of the current economic and political crisis on nematology are clearly reflected in the survey responses. Among these are reduction of examinations for hiring in the public sector and cutbacks in funding for research projects and post-doc study. The proportion of young nematologists who cannot find jobs (or only low-paying post-doc positions without labor rights) will almost surely increase in the near future, even causing some to abandon the specialty. These difficulties will tend to convey the perception to undergraduate students that GE in nematology, especially to obtain a doctorate, is an uncertain professional option. The logical consequence will likely be a reduction in the number of students who decide to pursue higher degrees, with a negative impact on the scientific activity of FAs.
In light of this plausible scenario, advisers should discuss with program coordinators the possibility of expanding the scope of GE. The current emphasis on preparation for scientific work in the public sector -where job opportunities will be scarcer -should give way to emphasis on preparing highly qualified nematologists ready to work in the public or private sector, in the areas of teaching, regulatory oversight, consulting or scientific research.
In retrospect, the majority of the alumni with doctorates stated that obtaining this degree was a career option, to work as teachers and/or researchers (13 responses). In turn, two wanted to pursue other careers in which the degree is important, one was for lack of options with only a master's degree, and one did not respond. Of the two alumni with master's degrees, one stated the reason for the choice was the lack of job opportunities for holders of bachelor's degrees and the other planned for a career not involving teaching/research where a master's degree is important.
The 17 aspects related to guidance that were evaluated by the advisers and students were also evaluated by the alumni. The uniformity of the responses allows a simplified demonstration of the results ( Figure 6 ). The response "very relevant in my professional activities" received 78% of the indications, a level almost as high as reported by the students. Despite the sensation of dissatisfaction/relative satisfaction with the present status among some alumni, 13 had a desire to invest more in GE, by studying for a doctorate or post-doc credential, two do not intend to invest in the next step of GE, and one rated the GE experience as negative. Three alumni did not respond. 
Current occupation Percentage
Temporarily not working (at home, unemployed or only studying for competitive exams) 21
Doing post-doc research with a grant 31.7
Working as freelance consultant/service provider 10.5
Employed in the private sector 18.4
Employed in the public sector 18.4 http://dx.doi.org/10.4322/nematoda.00317
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The willingness to invest or not in a level of GE is naturally related to the previous experiences. When asked to report the most positive aspects of GE, the two master's degree holders indicated professional and personal improvement. As negative aspects, they mentioned lack of time to work on the dissertation and of funding for research. The doctorate holders were nearly unanimous in mentioning professional improvement as the most positive aspect. The negative aspects were more diverse, with references to excessive time spent in the experimental phase of the theses, in detriment to data analysis and writing of the text and related articles; personal and professional frictions, including with advisers; problems with the program (lack of disciplines, uninterested professors, etc.); and failure of the grant to cover the entire training period, causing financial difficulties.
The feedback from alumni can be positive for advisers in nematology and their teams, besides contributing to improvement of the program. With a lapse of two to four years since graduation, the alumni have a good perception of the quality of the education received. Unfortunately, surveys like that here are rare. According to Hortale et al. (2014) (cited by [5] ), a lack of data exists from alumni regarding GE programs; even the PNPGs do not make reference to follow-up of alumni. That monitoring would allow a more detailed analysis of the effects of graduate training on the professional path, besides providing support for possible adjustments in teaching methods and curriculums.
In general, GE in nematology has been quite positive in Brazil. Generations of nematologists have been trained since the 1960s [18] , most of them having focused on the study of plant-parasitic nematodes important to agriculture. This study revealed, however, some aspects that warrant reflection and improvement.
Chief among these is the need for future nematologists to receive a more solid grounding in nematology. This conclusion is incontestable based on the set of data and analyses presented here, and also based on the opinions of the professors/coordinators interviewed, who mentioned the low number of class hours devoted to nematology. Besides lengthening the class hours, it is necessary to diversify and deepen the topics covered in the disciplines: 88% of the disciplines only cover phytonematology. Besides, only 40% of the 27 disciplines analyzed have intermediate or high depth in nematology. Naturally, this classification into depth levels is subjective, so the percentages can vary according to the evaluator. The results reveal a perception, widely mentioned by the FAPs, that their students do not accumulate sufficient knowledge of nematology, with a few exceptions. This perception needs to lead to a stronger devotion of all the FAPs in providing a more solid foundation to the students, which would have various favorable consequences for Brazilian nematology and young nematologists.
Another point that needs attention is the strong emphasis of the advisers on their students' scientific output, in contrast to the lower emphasis on professional and personal preparation and ethics. This focus of advisers on obtaining results worthy of publication from dissertations and theses can be partially blamed on the productivity policy of CAPES in ranking graduate programs. Distorted indices, criteria and assessments induced a quantitative increase in Brazilian scientific output, but do not help (indeed hurt) improvements in the quality of this production [14] . Figure 6 . Perception of Brazilian alumni of the relevance of 17 aspects related to the students´ preparation. For a full description of the aspects see Table 3 . Values are combined citations made by two master's degree holders and 17 doctoral graduates in nematology. http://dx.doi.org/10.4322/nematoda.00317
Finally, this survey reveals the limited nematology job market for alumni, something that will likely get worse in the near future, especially in the public sector. The recommendation in this respect is to broaden the scope of GE in nematology beyond formation of scientists, and to stimulate and prepare students to act in other areas, in both the private and public sectors. Several countries are re-evaluating their GE system in science and technology to adjust supply and demand of doctorate professionals. In Germany, the scope of doctorate training has been broadened to prepare the alumni for different jobs [29] .
CONCLUSIONS
This study revealed the need for better training of graduate students in nematology through lengthening of the disciplines' class hours and a diversification and deepening of the topics covered. The faculty advisers´ emphasis to scientific output of students should be coupled also to emphasis to personal and professional preparation of students. The absorption rate of young nematologists in the nematology job market is low and should decrease in the upcoming years. A diversification in the training of nematology graduate students is necessary. 
PREAMBLE
This research project aims to characterize the graduate education (GE) in nematology throughout the country. With respect to teaching, the intention is to identify which institutions teach nematology at the graduate level, the respective number of class hours, analytical programs and emphasis of the disciplines, and the perceptions of professors and students. Regarding nematology research, the intention is to learn how many students are preparing dissertations/theses in nematology and where, and their perspectives for the future; the perceptions of alumni who have been in the job market for 4 to 5 years; and the comments of faculty advisers regarding their role and difficulties.
The importance of this initiative is due to the fundamental role of GE to the development of nematology. It is through classes in the various disciplines that new generations of teachers and scientists are trained, plus the fact that much of the research in nematology is conducted by graduate students as part of their dissertations and theses. Therefore, concern for GE is an investment in the future of nematology in Brazil and the Brazilian Nematological Society.
Please answer the questionnaire precisely and sincerely. Since this is part of a research project, there is no intention to judge right or wrong. The objective is only to perform an analysis by sampling. Your identification on the questionnaire is only to avoid double responses. For tabulation, statistical analysis and inferences, the data extracted from the questionnaires will be treated anonymously. Please answer the questionnaire, save it and send it to ricmsouza@censanet.com.br. I thank you in advance for your participation. Prof. Ricardo M Souza, President of SBN, 2013-2019. What is the periodicity of the discipline?
QUESTIONNAIRE SENT TO FAPS
Module 1 -Teaching of nematology at the graduate level
Enter the codes* referring to the difficulties of this discipline Title of the discipline If you are the coordinator, describe the objectives of the discipline and justify the way you structure it *Codes of difficulties of the discipline (enter all that apply):
(1) low demand from students for the discipline (2) among the students that enroll in the discipline, all or most of them show a relative lack of interest (3) the general preparation of the students is weak (difficulty of reading, writing, understanding, cannot read English, etc.) (4) the high demands of the program on the students (other disciplines, experiments etc.) make learning nematology through reading articles, book chapters and performing out-of-class work, etc. difficult 6.1 -the number of hours (of the discipline or the nematology part) is not enough 6.2 -the discipline is poorly structured (weak interaction between modules or professors, lack of clarity of objectives, etc.)
6.3 -the discipline is poorly organized in its daily routine (undefined class schedule, conflict of class timing, etc.)
6.4 -the coordinator is not accessible enough for suggestions or not willing to make improvements 6.5 -these or other aspects could be improved, but time or energy is lacking due to high demand for research, guidance or publications 6.6 -certain important topics/themes for the discipline are not covered in sufficient depth/detail because I do not have enough mastery of the subject 
Evaluation
Mark with an "x"
Your graduate training in nematology will be decisive for your future career. You intend to invest more, by obtaining a doctorate and perhaps doing post-doc research Your graduate training in nematology will be important for your future career, but you do not intend to invest in obtaining a doctorate or post-doc research Considering various factors (public exams, market, financial crisis, etc.), your graduate training in nematology might have been excessive or not worthwhile, because it restricted your options/experience or delayed your entry in the job market
If your highest degree is a master's, answer questions 3.5 and 3.6 If your degree is a doctorate/PhD, go to questions 3.7 and 3.8 3.5) Explain the two most positive aspects of your master's program (any references to advisers/ professors will remain confidential) 3.6) Explain the two most negative or stressful aspects of your master's program (any references to advisers/professors will remain confidential) 3.7) Explain the two most positive aspects of your doctoral program (any references to advisers/ professors will remain confidential) 3.8) Explain the two most negative or stressful aspects of your doctoral program (any references to advisers/professors will remain confidential)
